ment, consistent with the observation that unlike KIF17-NR2B, KIF5B-VAMP2 is able to pass through this region. However, as the truncated KIF17 and KIF5B proteins containing only the motor domains are distributed equally throughout the neuron, it seems that the motor domains alone do not possess a particular bias for the axon or dendrites. Furthermore, because KIF5 can drive both axonal and dendritic transport (Hirokawa and Takemura, 2005) , it seems likely that some aspect of the cargo or of the motor-cargo complex dictates the location of cargo delivery.
To test whether cargo proteins are sufficient to determine vesicle targeting and selective entry to the axon, the authors swapped the tail domains between KIF17 and KIF5B to enable one motor protein to carry the other's cargo. The chimeric KIF17 protein harboring the tail domain of KIF5B is able to carry and deliver VAMP2 cargo, whereas the chimeric KIF5B protein harboring the KIF17 tail domain can carry and deliver NR2B cargo. Song et al. find that NR2B carried by the chimeric KIF5B motor shows a higher transport rate and is found distributed along the axon in addition to the somatodendritic region. VAMP2, when carried by the chimeric KIF17 protein, is largely absent from the axon where it normally accumulates. Thus, it seems unlikely that the cargo alone is sufficient to determine the selectivity of targeting for the axon or dendritic arbor (at least in the case of NR2B and VAMP2 cargo), suggesting that it is the motor-cargo complex itself that most likely dictates targeted transport.
The findings by Song et al. (2009) raise intriguing questions for future studies. What determines the transport rate for vesicles along the axon initial segment and what are the relative contributions of cargo and motors to the overall transport rate? The fact that KIF5 can drive both axonal and dendritic trafficking (Hirokawa and Takemura, 2005) suggests that cargo may play a role in determining the localization of motor-cargo complexes. However, Song et al. show that the dendritic protein NR2B was not excluded from the axon when transported by a different motor. Thus, it remains to be seen whether there is a hierarchy in the determinants that govern how cargo-motor complexes are targeted. It is also conceivable that components of the axon initial segment actively promote axonal entry of transport vesicles destined for the axon. Indeed, it has been reported that microtubules and their organization are different in the axon initial segment compared to the cell body and dendrites (Nakata and Hirokawa, 2003) . Moreover, ankyrin G has been shown to facilitate the axonal targeting of the Kv3.1b potassium channel (Xu et al., 2007) . Regardless of the precise mechanism of cargo-motor complex targeting, the study of Song and colleagues uncovering the formation of a cytoplasmic filter in the axon initial segment during axon development represents an exciting step toward achieving full understanding of how distinct subcellular domains in neurons are maintained.
If its naming had followed, rather than preceded, molecular analyses of its DNA, the extremophile bacterium Slade et al. (2009) describe in this issue how the genome of the bacterium Deinococcus radiodurans gets reassembled after being shattered by high-dose radiation. In contrast to the extreme nature of the damage, the steps of repair appear surprisingly ordinary. So, why can't all organisms carry out extreme genome repair?
Cell 136 severe DNA damage, D. radiodurans is similar to several bacterial species (Cox and Batista, 2005) and the bdelloid rotifers (Gladyshev and Meselson, 2008) , which also periodically contend with the DNA-shattering effects of desiccation. In this issue of Cell, Slade et al. (2009) In the current study and in previous work (Zahradka et al., 2006) , the authors provide support for a repair mechanism called extended synthesis-dependent strand annealing (ESDSA; Figure 1 ) in which long tracts of newly synthesized DNA are made. First, the authors show that the double-stranded DNA (dsDNA) fragments suffer a rapid degradation of single strands, called resection (Figure 1B) . Next, by measuring incorporation of radiolabeled nucleotides, they observe that DNA synthesis initially occurs at a normal replicative rate but is subsequently dramatically elevated until the 3 hr time point, when repaired chromosomes appear. Initial synthesis is likely to result from the ends of resected single-stranded DNA (ssDNA; Figure 1B ) finding their complements in other overlapping fragments ( Figure  1C ), thus priming leading-strand synthesis ( Figure 1D ). Synthesis becomes rapid and extensive, with the new DNA dissociating from the template, a bit like transcription ( Figure 1E ; Formosa and Alberts, 1986 ). The synthesized strands are then proposed to dissociate and anneal with each other ( Figures  1E and 1F) to form large and correctly reconstituted genome fragments. After tidying up with flap endonuclease and/ or gap-filling synthesis ( Figures 1F and   1G ), these large fragments are circularized by homologous recombination (HR) to form intact circular chromosomes.
Two pieces of evidence support ESDSA. First, repaired DNA carries otherwise unexpected patches of newly synthesized DNA in both strands ( Figures   1F and 1G) . Second, extensive regions of newly synthesized ssDNA are present during repair. This is shown by Slade et al. (2009) and Zahradka et al. (2006) with an elegant in situ assay in which BrdUlabeled new ssDNA, but not dsDNA, reacts with labeled anti-BrdU antibody to allow visualization by immunofluorescence. Both of these observations are also compatible with a mechanism involving annealing and synthesis like a polymerase chain reaction (PCR).
Slade et al. show which proteins promote each step. These proteins are surprisingly well-conserved and include DNA polymerases (Pols) I and III and the HR proteins RecA and its homolog RadA. These authors engineered a temperature-sensitive version of the major replicative DNA polymerase, Pol III, and used it to show that the first stage of repair synthesis requires DNA Pol III (Figure 1D) and not Pol I, which they show is required for efficient synthesis later. They suggest that the later step requiring Pol I might be the completion of excision repair of radiation-damaged bases, which would otherwise block Pol III (Figure 1D ). It would be interesting to know whether D. radiodurans Pol I is required for repair of specific dsDNA breaks that are generated enzymatically, such as those created by I-SceI endonuclease in vivo (e.g., Ponder et al., 2005) . In such cases, base-excision repair is presumably not needed. Pol I might also be required for the tidying-up phase shown in Figure 1F (gap-filling and flap endonuclease).
Slade et al. show that the HR catalyst RecA is required for resection ( Figures  1A and 1B) and subsequent synthesis. This is surprising for two reasons. First, a prior report has indicated that resection and synthesis are RecA independent (Zahradka et al., 2006) . Second, RecA is a homologous-pairing protein, not an exonuclease. Slade et al. suggest that RecA plays a direct role in resection, but it is possible that RecA might also (or instead) control expression of nuclease-like activities through its regulation of the SOS response, which upregulates genes in response to DNA damage. However, although RecA controls SOS in D. radiodurans, it is not yet known whether SOS participates in genome reconstitution. 
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In the conservative break-copy or break-induced replication (BIR) model of Luder and Mosig (1982) , regions of new double-stranded DNA are predicted (I, parallel red lines), whereas extensive single-stranded regions are not. Black horizontal lines indicate existing strands of DNA, arrowheads mark 3′ ends, and the red "x" represents a replication-blocking DNA lesion that is repaired to leave a single-strand nick following base-excision repair.
Slade et al. also propose that RecA and RadA pair the primer strand to its complementary template within dsDNA for repair synthesis (Figures 1B and 1C) . However, it is difficult to know whether RecA plays this direct role in repair synthesis given that the authors show that RecA is required for resection and that there is no synthesis without resection. For the primer strand to pair with a template that is part of dsDNA, a RecA-like activity would be required to form the "D-loop" of DNA that is displaced from the template strand as Slade et al. suggest ( Figure 1C) . However, an alternative possibility is that the primer strand might simply land on ssDNA and initiate synthesis from there, as in PCR, and this would not require RecA. This hypothetical mechanism involving PCR-like synthesis and recombination could continue until most of the DNA was reconstituted into long double-stranded fragments. In this model (not shown in the Figure) , completion of synthesis on one template would be followed by resection, then priming on a new template to "grow" the fragments. As in ESDSA, these fragments must then be recombined using RecA to circularize the chromosomes.
All of the possibilities for RecA, Pol III, and Pol I discussed here are roles seen in organisms that do not have the capacity for extreme repair, and the same is true for all of the suggested steps in the repair choreography (though the PCRlike mechanism suggested here has not been found previously). Thus, we do not yet know why D. radiodurans is an extreme-repair champion whereas E. coli is not. Moreover in replicative dsDNA break repair via HR in E. coli, Motamedi et al. (1999) found that repair synthesis is Pol III dependent and that the amount of new DNA in repaired molecules fits the interpretation that repaired regions have new DNA in both strands. This is similar to what is observed by Slade et al. in D. radiodurans. Although Motamedi et al. interpreted their findings in terms of a version of "break-induced replication" (BIR), in which a full replication fork (with leading and lagging strands) carries out the repair (Figures 1H and 1I ; Luder and Mosig, 1982) , perhaps E. coli might actually catalyze ESDSA ( Figures 1A-1G) or the PCR-like synthesis/recombination mechanism. The observation of persistent new ssDNA argues for ESDSA (Figure 1E) or a PCR-like repair and against BIR ( Figures 1H-1J ) in D. radiodurans. Whether E. coli might also maintain persistent ssDNA during replicative repair is not known.
The differences in the repair capacities of D. radiodurans and E. coli seem ever more paradoxical. Daly et al. (2007) have suggested that protein stability to ionizing radiation is what makes D. radiodurans special, that is, that its repair proteins have normal functions but are afforded better protection from damage by oxidation and radiation. If so, it raises the question of whether E. coli might be able to repair a genome fragmented by restriction enzymes even though it cannot repair extreme damage induced by radiation.
Could the genes for extreme-repair potency of D. radiodurans be identified by introducing long stretches of its cloned DNA into E. coli and selecting for extreme resistance to radiation? Possibly, but the search would be difficult unless extreme repair requires only one or a few linked genes in addition to the standard repair genes that both organisms seem to share (for discussion see Cox and Batista, 2005) .
However, if the miracle of extreme repair could be recreated in a tractable model bacterium like E. coli or the naturally transformable Bacillus subtilis, it might open up interesting applications for synthetic biology, which seeks to recreate life from its parts or from the information encoding the parts (e.g., Gibson et al., 2008) . Synthetic biology has included sequencing "biomes" to identify all of the DNA in a particular environmental sample. However, using this approach one does not know which sequence fragments belong with which organisms. If extreme repair could be recreated in a tractable bacterium, it might be possible to assemble sequence fragments of mystery organisms into whole chromosomes, perhaps reiteratively building fragments up from cell to transformed cell. Such an approach could lead to the creation of whole genomes and might even lead to the reconstitution of functional cells of the mystery organisms. A strain with such abilities would deserve the name Lazarus.
